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(54) Angiogenesis inhibitor 

(57) An angiogenesis inhibitor comprising a cysteine protease inhibitory compound. As the preferable cysteine pro- 
tease inhibitory compound, epoxysuccinic acid compounds, peptide halohydrazide compounds, calpain inhibitory com- 
pounds, compounds of the formula (I) 




N-R 5 



and compounds of the formula (VI) 




CH0 



can be used. The angiogenesis inhibitor of the present invention suppresses new formation, of blood vessels in the living 
tissues so that it can be used as a superior therapeutic or prophylactic agent of angiogenesis associated with wound 
healing inflammation, growth of tumor and the like; and angiogenesis as seen in diabetic retinopathy, prematurity retm- 
opathy/retrnal venous occlusion, senile discoid macular degeneration and the like, as well as for prevention of metas- 
tasis of tumors. 
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Description 
Technical Field 



The pr esen, ,naen,ion ,e,a,es ,0 an an g io g anesis MM. cousin, a «**. pro.eaae ^compound. 

Background of the Invention 

' • k.««h voxels are created to form a new vascular network in the 

An angiogenesis is a phenomenon such as genesis and reproduction with 

, ivi ng body. The angiogenesis is found ^^^Slgic phenomenon which accompanies wound 
regard* embryo. fetus, placenta uterus ^ th hKe- J « also a pa 1^9 seen jn djabe , c retinopathy . pre . 

healing, inflammation, growth of tumor and ^ e e ^ p a "™ macu ,; r ^generation and the like, 
maturity retinopathy, retinal venous occlus.cn »^^^,*^J h 0 , endoth.elial-cells. and is considered to be 
The angiogenesis greatly varies depend.ng on the June .tonTOj re - • - ^ b|ood vessels are pre- 

a cascade reaction which proceeds in the smallest ve,n along he fc endotnelia , cells which are 
sumably formed as a result of consecutive e.emen ^^^\SS^Lmtl membrane by endothelial celts 
in the stage of rest upon differentiation. (2) dest ructov oi ce ^J^T^^ of endothelial cells and (5) tube- 
which expressed protease activity (3 ) m,gra*on P V* 6. PP- 157-162 (1993)]. Each step 

formation by differentiation of endothelial cells [T O.kawa. I we K ang iogenesis promoters include, 

of these reactions has been clarified to be promoted by '^SSStS^i secreted from tumor tissues, and 
?or example, blood vessel inducing ^^p^^^S^I tissues, endothe.ia. cel. growth facor 
growth factors such as fibroblast VO^^{^^a^\n addition, cytokine, prostaglandins, monobutylm and 

ass ? e a ^ - ai • Annu - Rev - Physiou VOL 53, pp - 2 

25 Since which suppresses such angiogenesis £%Z££^^™ 
221 p. 719 (1983)1 such as cortisone which inh,b,ts .growth ^*™™ & £„ aX ^Kch inhibit proliferation of 

fnhibilpr^ and migration of 

endothe.ia. cells and iube—n; of endothelial cel. differentiation IJsutomu 
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clinically suppressing angiogenesis. since some of them cause strong s.ae 
ot safety, and others only show insufficient effects. 

Summary of the Invention 

.stHereforeanoblectofthepresentinventiontoprovideapharmaceutica, agent which provides strong angiogen- 

has been provided (1) an an9i09enesis inhibi,or 

protease inhibitory compound. jve H of tne enzyme molecule and .ncludes 

Cysteine protease is a protease hav.ng a JSkto Jof which are lysosomal enzyme fract.ons, and cal- 

such species as cathepsin B, H. and L and be explored about the physiological roles 

pain which occurs in the cytoplasm, among ^J^™^Sr roles in recent years. For example, calpa.n ,s 
of these enzymes, a considerable amount of hght and has the optimum P H in neutral. As e.u- 

known to be a protease ubiquitous ,n life wh '* "f^SJ^ " e n of cells , activation of inert cell precursors such as 
cidated to this day. it takes part in degr adat.on <^ ^ shown that the abnormality of this enzyme 

^^^^^^^^ — **- V0L 15 

4 Tha S™. W*to of the p-esen, Invention me, nave .ha Mowing modes. 
m T„, an^anesis H**. 0. aoo. ,1, wPe,e,n ,» cys.e.na P^aasa ,n»«o,» compound is a caipain in*- 

tory compound. ' , . inhibitory compound is at least one compound 

(3) The angiogenesis inhibitor of above (2) wherein the calpa.n .nn.ono y 

selected from calpastatin and calpastatin peptide. pepWe is at least one compound selected from 

(4) The angiogenesis inhibitor of above (3) wherein the calpastat.n peproe 
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peptides having an amino acid sequence of the following formula: 

ing a high homology ™^*^T2«*n the compound which inhibits Ca^-binding site having a high 
{ 7) The angiogenesis inhibitor of above (6 1 wne em ^ calmodulin antagonistic compounds, 

homology with calmodulin is at least ^.?T^^SS^mm inhibitory compound is at least one com- 
(8) The angiogenesis inhibitor of above ^^^^i^ compounds, peptide aldehyde compounds, 
pound selected from the group cons,s ^«*^™™^u«4s. peptide halohydrazide compounds, peptide 
peptide halomethane compounds, pept.de d ^^^ C ^^ n ; confounds. 

ssekes ^ttzttzzz <»— — " — - d ,s an Bp ° xy5uccm ' c 

S^SSi-. inhibitor o, above (9) — the cysteine pro.*** inhibitory compound i S en epo^uc 
cinic peptide compound of the formula (I): 




(i) 
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R 1 
R 2 



R3 and R < a^cS^ - -* an optionally 

35 ;ubs^suffide.orR3andR*combindlyformar 1 ng; 
R s is a substituted phenyl of the formula (II) 




(ID 



wherein R 6 is ha.ogen atom or alkoxy. or a substituted sulfonyl of the formula (III) 



wherein R 7 is aryl optionally 
is 0 or .1 . 



S0 2 -R 7 

substituted by lower alky! or optionally substituted amino; and 



t^f^S^^^ (10 wherein * form a pyridine ring. 

?> The angiogenesis inhibitor of above ° a eVe same or different and each is hydrogen. 

(14 The angiogenesis inhibitor of above (10) wherem R ana h substi tuted by acylam.no. 



(15) The 
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fiXZSSZZSi** o. above ,8, .vherein ,he cysteine protease inhMor, compound ie a pep.ide a,de. 



mula (VI): 




(VI) 



chlorine or methyl. „ se|ected from 4 -fluprophenyl. 4-chlorophe- 

(22) The angiogenesis inhibitor of aoove i<£ i J wrier em n 

JiCS* - above m — * "2 * ^»"sC™Sn and " ^ 
£ The antfoUeis InhiMo, o, above (23) wherein R «JJ3SS^ JSSU* 



30 Brief Explanation of the Drawings 



Fi 0 . , ( A, R9 . >(B> end * 1(0, ahow corne, ^*/*^^^,5!^ 
of bFGF-containing pellet, and 27 mer calpastatm peptide (0.03 nmole ana o.i umo e, 

bFGF-containing pellet. -k C or«eH with a slit lamo at 9 days after implantation of bFGF- 



containing pellet together with bFGF-containing pellet obtained at 9 days after implantation of 

- bra ^n^ 

jxmole)-containing pellet together with bFGF-containing pellet. 
Disclosure of the Invention 

, Th e cysteine protease inhibitor to be used for col 
pound as long as it can 

pounds such as (+M2S.3S 3 ffll [ [4 : s 
camonyQ-2-oxyranecarboxyhc ac.d (E^4 W-(2S,^ 

oxyranecarboxylic acid (E-64c) and ethyl (+),(2S.3S) ^ 3 V,. ca | Deptin Ac-Leu-Leu-nLeu-H (calpain 
oxyranecarboxylate (E-64d); peptide aldehyde impounds such as .^^^^o) and Boc-Leu-Nle-H; 
inhibitor peptide I). Ac-Leu-Leu-nMet-H (calpain mhib.tor ^ pept.de I ^^^^^ such as Z-Leu- 
peptide halomethane compounds such as Z-Leu-Leu-Tyr-C ^P^*^*^^?:.—,,,,. diLlfld. oompounds such 
Leu-Tyr-CHN 2 ; peptide halohydrazide compounds such as f^T*;™™^ (AK275); 
as Leu-Leu-ta-nitro-Z-pyridinesulfinyOCys-NHa ;pe P t,de ^J^^S»^«ne. ' 
and isocoumarine compounds such as ^^^^(a-s^waOT Y> f jnvention may 

The cysteine protease inhibitory compound to be used for the ^angioge ^di w ^ 

be a' substance which specifically inhibits calpain or cathepsm * the like. 

• of the substance which specifically inhibits calpa.n include calpastatm. calpastatm pepuae 
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The «n,ioned caipastatin peplide is ^ a peptide having an an.no acid stance a, the tollowing 



formula: 



10 



an amino acid sequence of the following formula: G|u . Va |. Thr .|, e .Pro-Pro-Lys-Tyr-Arg-Glu-Leu-Leu-Ala. 
Asp-Pro-Met-Ser-Ser-Thr-Tyr-lle-Glu-Glu-Leu-ay-Lys-AraGk, Val Thr He inhibitor of the present invention may 



is following formula may be used. 



20 Ri 




(I) 



25 



30 



35 



^ ^^^^ST"^ ImdtertW Pa,^ preferred > 

ethoxy. propoxy. etc.). and arallryloxy (cenzyloxy *^2^«P"S*I» 0,-C 4 alkyl. aach aa roth* ethyl, n- 
The lower alkyl to R Include C-C, to*. • ^""J* 8 ,"£££2 neopentyl. tert-pentyl. n-hexyi. isohexyl. 4- 

pyrrolidine, and piperidine. Particularly preferred » W™"*"?- 4 i( , cludes c,-0 6 linear or branched alkyl such as 
The alkyl ol said optionally substituted lower *M»» and B <w u des ^ , e „.pantyl. n- 

methyl, ethyl, n-propyl, isopropyl, n-putyl *°J~W. s«W *™TZ^ 2-ethylbutyl. P'eterred are methyl, 
hexyt 4-me.hylpentvl. 1. l-dlmethylbulyl "f'^^^^SiM^^ an aromatic ring and carbamoyl. 

£ - ""~ ~ les auch as 

"XtiS^^ 

alkyl-thio-C-O. alkyl. such as dimethyl su««P. <^ ^Ir^d methyl su»ide and melhylethyl 

sulfide, methylethyl sulfide, methylpropyl s Sam nd The aoylamino includes but Is not limited 

^rin^S^ cyclopropane, oyolobutane. cyolopentane. oyoiohe, 

ane. cycloheplane. eto Particularly preferred re <»^"*™>\ . (||) the halogen includes but is not limited 10 

,^Se^^ 

para, and ortho positions. ■ . f formu | a (||), the alkoxy includes C r C 6 alkoxy 

by lower alkyl includes but is not limited to phenyl and naphthyl. The lower aixyi op 
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Referring lurthe- 10 the substiUrent R lor sad J* \ uch as L'hylamino. dimethyfemino. ethyl- 

am ,„o substituted Py one "™°<££ZTXZ^«^™^ M ^ ** 
amino, diethylamino, propylamino, dipropyiam.no, isop. yy 

cyclohexylamino. Particularly preferred is d.methy amino • (l) fe ferab , y a phys iologically accept- 

In the context ot the present invent.on, the salt of the ^ ^ wjth jno ic acids , sa | ts w.th 

able salt, thus including salts with ^ l «^^ T ^ p( 2S inorganic base salt includes alkali metal salts 
organic acids, and salts with bas.c or ^^^^J^ as calcium salt and magnesium salt, a.um.num 
such as sodium salt and potassium .salt >*^^^^» salts with trimethylamine. pyridine, picoline eth- 
salt, and ammonium salt. The preferred organic base s^ncjua^ ^ e%lenediamine . The preferred .nor- 

anolamine. diethanolamine, triethanolam.ne, ^£ nitric acid, sulfuric acid, and phosphoric acid, 

ganic acid salt includes salts with ^roch^nc ac d hy^ rHluoroacetic ac ,d. tumeric acid, oxalic .ad. 
The preferred organic acid salt includes sal* , «* tamo acd ^ ben2enesu , {o nic acid, and p-tolu- 

tartaric acid, maleic acid, citric acd ^T^^StSL salts with arginine. lysine, ornithine, etc.. wh.le the 
ene sulfonic acid. The preferred salt with a ba ™^™*™ric acid and glutamic acid. 

^XtT^ —an be priced in accordance w,th the 
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following reaction scheme. 

OH 
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(IV) 
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(i) 

~ , ftfT1 ^„nH nf the formula (IV) [hereinafter sometimes 
wherein each symbol is as define ^^^^^^^Jr^r^ with a corn- 
referred to as compound (IV)] or a ^^ f da ^^^^SS^ (V)] or a reactive derivative thereof, or a salt 
pound of the formula (V) [hereinafter somet.mes referred to as compouno ( n 

thereof, to provide compound (I). ' | iauid .phase or solid-phase (stationary) technique known to 

The above reaction can be earned out by the routine hqurt pnase £ procedures, the descr.pt.ons in 

those ski.led in peptide synthesis. As to such Peptide Gosei no Kiso bJMen 

the following literature are incorporated here.n ^'^J^^ H aruaki & Sakakibara. Shumpei: Serfc- 
Fundamerlls and Experiments in Peptide Synthes^ ^^^ScJsodrty (ed.). Tokyo Kagaku Dojin 
agaku Jikken Koza 1 (Biochemical ^«^^/^£3S*S Experiment Series 1, Japanese Biochem.cal 
1S77; Kimura, Toshiya: Zoku Seikagaku ^J f ^^^SSuK^ (4th Edition) 22. Yuki Gosei IV (Exper, 
Society (ed.). Tokyo Kgaku Dojin. 1987; Suzuk. , Nobuo. ^^J^/g^ of Japan (ed .). Maruzen. 1992 

mental Chemistry Series (Edition IV) (P?Wud« acid halide, acid anhydride, actuated 

• The preferred reactive derivative .n the carboxyl of compounc I ( v) . annydride includes 

amide, and actiyated ester. The acid ha.id< ^f " ™ ^ f S2^^%W W «|^ acid, phenylphos- 
mixed acid anhydrides with var.ous ac.ds »^ M «J»^P ^ } dialky ,p h osphorous acd, 

phoric acid, diphenylphosphoric acd. ^^^^S^Zm acid, etc.), aliphatic carboxylic acids (ace- 
sulfurous acid, thiosulfuric acid; sulfunc acid sulfonic ac. ds (^nes . manoic acid , trichloroacet.c acd, 

tic acid, propionic acid, butyric acid, isobutyr.c acid, p.valic acd JjJ^^J, P annydride . T he preferred activated 
etc.). and aromatic carboxylic acids (benzoic acd etc. .f^^^tethylpyrazole. triazole. and tetrazole. The 
^rnide includes but is not limited to imidazole • ^ s " b ^ ester, dimethy.iminomethyl 

preferred activated ester includes but .s-not limited to the w er pemachior ophenyl ester, methylphenyl 

ester, vinyl ester, propargy. ester, p-nitropheny. ester 

ester, phenylazophenyl ester. compound, such as N.N-dimethylhy- 

nyl ester, pyridyl ester. 8-qu.nolylthio ester, etc. ana esters w.i / 
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atives available ^^^fj^ ^ ava .ab.e on reaction of compound (V) with phosphorus 

ylsilyl)acetamide. b.s(trimethylsilyl)urea, etc., ana amam « react i ve derivative include salts with inorganic 

rich.oride or phosgene. The preferred salts of Zc Z s Its w«h organic acids, such as for- 

acids, such as hydrochloride, hydrobrom.de n, rat e g ben- 

^,to^ ~ used -*» to the * pe of 

C °Th U er d ea ( lnbetween compounds 

solvent that does not interfere with the reaction The reaction, the reac- 

ture with water. When compound (IV) is used e.ther ,n a fre form onn the form o^ S att£« e y jmide N- 

tion is preferably conducted in the presence of a N.N^iethy.car- 
cvclohexyl-N-morpholinoe^ N ,N'-carbonyl-bis(2-methyl- 
bodiimide, N, N--diisopropylcarbodMm.de. N-ethy l-N ;( 3 ^^^ r °^, hex ^ imjne e thoxyacetylene. 1-alkoxy- 
imidazo.e). P«nU"n^n^ene-N^hexyl«T»n^ 

1-chloroethylene. trimethyl phosphite, ethyl £ g . ethyl chloroformate. isopro- 

nylphosphory.aztoe.thionylchtorideoxaly.ch.0^ 

pyl chloroformate. etc.). tnphenylphosph.ne. N ' h ^>J«3 "®V am jH e with thionyl chloride, phosgene, trichlo- 
oenzotriazo.e. Vilsmeier reagents PW* * ^ in the presence of an inor- 

-romethyl-chloroformate..phospnorus.o^ 
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Table 1 



R 2 R 3 R 4 / \ y=y.R' 
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Table 2 



R 2 d3 
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o o o 




N— S0 2 -R 7 





Com. No, 


n 


R 1 




R 


R 


p 7 

K 


/5 


5 


0 


-COOEt 


H 


i sobutyl 


H 


-N(CH3)2 




6 


0 


-COOEt 


H 


i sobutyl 


H 


" -O-CH, " 


20 


15 


0 


-C00H 


H 


i sobutyl 


H 


-N(CH3)2 




16 


0 


-C0OH 


H 


i sobutyl 


. H 




25 


32 


0 


-CONHOCH 2 -^\^ 


H 


i sobutyl 


H 




30 


33 


0 


-C0NH0H 


H 


i sobutyl 


H 


|-=Q- eH ~ 



As a peptide aldehyde compound having a strong 
35 lowing formula (VI) may be used. 



cysteine protease inhibitory effect, a new compound of the fol- 
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CHO 



(VI) 
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given .0 phen I and naphtha. The ^smuan,j«on,,,y ^ ^^having 1 to Scarbon atoms, nydrdxy. 

:xSnt^s 

It is preferable that one of R and R 13 be hydrogen and I he other be propyl, -sop py ^ ^ ^ preference 
preference given to R« being propyl. fP^^^J^.S fo 7 ca bon'atoms. which is optionally formed 
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: " h p — 9iven to meihyl and iso - . 

bU,y ' The aryl which optionally suites said .ower ^ ^e^o- 
preference to phenyl. The cyc.oa.kyl J^ST The aromatic heterocycle 

pane, cyclobutane. cyclopentane or cyctohexane, wrth. ^^^^^J^. residue and condensed heterocy- 
which optionally substitutes said lower alkyl residue inc iude pyrolyl. fura- 

die residue substituted by oxygen, n.trogen or ^^^Z like; and exa mples o. condensed heterocyclic 

SEES «-* — • ph " quinoxa,ynyl and 

- ones, such as salts with 

The salts of the compound of the ^^^J^^J^m organic acid, salts with basic or acidic ammo 
inorganic base, salts with organic bas e. sa I sw.th.no g^J^MudJ alkali metal salts Such as sodium salt and 
acid, and the like. Examples of preferable salts wrth ^ sium salt; and aluminum salt and ammon.um 

potassium salt; alkaline earth metal salts such as «^J^J3 n-vh ^ pyridine, picoline. ethanolamme. 
salt. Examples of preferable salts wrth organic base , ^,^^; ne( J ll i n9 and the like. Examples of preferable 
diethanolamine, triethanolamine. ^^^^^^^ acid, nitric acid, sulfuric acid, phosphonc acid 
salts with inorganic acid include salts ^S^^^SS salts with formic acid, acetic acid, trif luoroacet.c 
and the like. Examples of preferable salts wrth organic ac d s me thanesulfonic acd. ben- 

acid, fumaric acid, oxalic acid, tartanc •^^^^^J^Zu, salts with basic amino acid include salts 

Z^&X^ Sa ' tS ^ a * amin ° ^ " 

3SP ^e ^JTmZTe^. for example, by the following reactions. 
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0 



R 



I 2 



R" — S — 



CI + 
(VII) 



H 2 N 



R 



I 3 




R 



1 2 



COOH 



(VIID 



R" -S — N 

5 (XD 



R' 3 
COOH 



0 




N- 
i 

OH 



0 



R 



1 1 — 



15 condensing agent 



0 
II 
S 
II 
0 
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oxidizing agent 



(XII) 



so 
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1 1 




CHO- 



R 



(VI) 

wherein each symbol is as defined above e „ metim „ referred to as compound (VII)] may be. for example. 

^ o, confound (V„, and cc^ound (V,,,) can be =a,ded ou, b, a m«od g en„* Known, sucb as 

S ^a!~S: W^W and 

pyl)carbodiimide hydrochloride, and the , fcte. cnmetime s referred to as compound (XI)] may be, for example, 

The amino alcohol of the formula W ere '"^^ 
valine), leucinol. D-leucinol. phenylalan.nol. tryptophanol or 2 ^arrun ^3 eye y P ^ gg tetrahydro . 

The compound of the formula (X) and compound (XI) are ; ^^.^ D a resence of a bas e (eg., triethylamine and 
furan dichloromethane. chloroform and ethyl acetate, and are reacted in the presence 

^compound of the formula (XII) is oxidized with an oxidi^ agent (e:g.. sulfur trioxide-pyridine complex, oxaly. 

CW th?eS - «* " — ' Pf0CeedS COO,in9 ' " f00m 

temperature or under heating. 
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pounds obtained in Examples to be mentioned later are shown in the following. 
Table 3 
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R l 
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fi^* .CHO 

R"i-{f(S)Y x 
q O R 
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Table 4 



O ! H 

II CHO 

o 0 R 



Com . No . 


R" 


R !4 


* 


39 


4-f luorophenyl 


isobutyl 


s 


■ 55 


4-f luorophenyl 


isobuty l 


R 



Table 5 



O 



R u — S — N 
II H 
O 




o R 



14 



Com. No. 


R 1 1 


R 1 4 


47 


2-naphthyl 


benzy 1 


50 


2-naphthyl 





.- Cysteine protease inhibitory compounds can be administered ^^^^^^^ 
^pSS^ compounds can be used to 

compositions to be orally administered to human '^ude powder s g anuies able*, cap y armaceutica| carriers 
, ike . When the composition is prepared into Powders gra ules ^ ?^ e ^ ^ suc P rose a nd the like), lubri- 
suitable for preparing solid compositions, such as f^^-^^^J^, and binders (e.g., starch and 
cants (e.g.. magnesium stearate). disintegrators (e.g.. starch and crysteHme - = e »"^ appropriate. When the 
gum arable). The compositions may be coated with gelatin, sucrose and *»M*n^ PP P ^ ^ 
composition is syrup or liquid, for example, ■^f^ ^.J^^ f ke may be used as appropriate. A 
carmellose), corrigents (e.g.. simple syrup and 9'" c °^ 

parenteral composition may be in,ect,ons or f^^^J^^^ (e.g., sodium chloride, glycerine 
(eg., distilled water for injection), stabilizers (e.g.. ^J^^SS^Lm suspending agents (e.g., 
and mannitol). pH adjusting agents (e.g.. hydrochlonc acd. citnc acd and sod.um hydroxy, p 
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methyl ce „ u ,ose) and the - may be used. P~^^ 

ries such as cacao butter and macrogols, ^'J^^^-m compositions for external use may contam 
nclude ointment, cream, lotion, collunanum. eye dropj J^J^™, such a P s ointme nt base (e.g., petrolatum and 

in addition to said inhibitory compound, for example f°^ zer . sodium ed etate and citric acid), we tang 

anolin), solvent (e.g.. physiological saline and .Pf^S' pending agent (e.g., hydroxypropylmethylcellu.ose 

agent e.g.. glycerine), emulsifier (e.g.. P 0, ^ lp a y ^ 

and me«h 9 y«ce..ulose). surfactant (e.g.. polys ^^r^^^X^^ sodium tetraborate, sodium ace- 
flammatory drug, antitumor drug and antimicrobial agen L and the i.k* disease synptorn 

the eye by 20^50 „l at a time for 5 or 6 i times a i day ^ Expe , mental Examp , e s in the following. 

The present invention is described in more detail Dy way 
which by no way limit the present Experimen tal Examples are all intended to describe the present 

j;SSS ™ - — - — °* ,h8 invrton 

Exam^ (Tablet) 
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30 





E-64 


30 mg 
80 mg 






Lactose 
Starch 

Magnesium stearate 


17 mg 

j- 3 mg 





35 



* u. 4 ^hio*q are oreared by a conventional method. Where 
Using the above ingredients as the material for one tablet, tablets are preared 
necessary, sugar coating may be applied. 

Fxamole 2 (Injection) 



AO 



45 



Leupeptin 


100 mg 


Sodium chloride 


900 mg 


1 N sodium hydroxide 


q.s. 


Distilled water for injection 


total 100 ml 



50 



The above ingredients are admixed by a conventional method to give injections. 



55 
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Example 3 (Eye drop) 



97 mpr caloastatin peptide 


1 g 


Boric acid 


0.7 g 


Sodium tetraborate 


q.s. 


Sodium chloride 


0.5 g 


Hydroxy methylcel luiose 


0.1 g 


EDTA sodium 


0.02 g 


Benzalkonium chloride 


0.005 g 


Sterile purified water 


total 100 mi 
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The *- Ingres « admixed a convent <= *• "P-— W 

poforpnriP Example 1, 

ToasoMionofN^^^ 
»a»e (200 ml) in an ice-water bath was dr °^^ £j , or 3 hours and then at room temperature for 20 

ethyl acetate (100 ml), and the m,xture was ^rrec l « an ice wa e^ ^ concentrated under r e du ced 

hours. The P™P«f^ Ltate-hexane to give N-tert-butoxycarbonylpheny- 

s ^:^ ^, » 

30 Rpfprence E xample 2 

To a solution of N-tert-butoxycarbon^ 
dioxane (50 ml) in an ice-water bath was ^^.J^^^,^ ,„ an ice-water bath for 20 minutes and then at 
hydrochloride (5.75 g. 30 ^^^^^^^^ water and extracted with ethyl acetate. The 

nylleucine N-hydroxysuccinimide ester (7.77 g, 78.9%). 



40 



45 



Rpfprence Example 3 



50 



HPterence cxamBis a 

To a solution of 1-(~eny,)^ 
were added triethylamine (2.8 ml. 20 mmol) and N-ter ^^^J^ overni ght. The reaction mixture was 
mmol) in the order mentioned, and ^"^^^^^^Stmi with 1 w/v% aqueous ammonia satu- 
poured into cold water and extracted w.th et hyl aceta e J^xtjaot w^ h drogencarbona te solution, and satu- 

bamate (2.7 g, 92.2%) as colorless oil. 



55 



Rpfprence Example 4 



1-(phenylmethyl)ethylcarbamate (1.89 g. 88.4%). 



15 
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Reference Example 5 



10 



Su7a ed aqueous sodium M ,oaer,carb<>r,ate addon, water ^ , edu(;ed pressure . The residue was 
SSni layer v,ae dried over a ^^^^^^^^S^aiIf("l . *, .0 give 1 .1 -dimeihyleihyi W<- 



R pfprence Example 6 



Rpferencp Exammg-a 



15 (7.99 g. 99%) 

p P f QfQ nrp Fxamole 7 



20 



25 



Rp f Q rpnpp Fxamoie f ^ 
propyl)ethylcarbamate (7.19 g. 88.4%). 



Rpterpnce Example 8 



Uein,,^.^ 
ice Example o was repealed »w a 



erence Example _ 7Q . on 

methylpropyl)ethyicarbamate (6.95 g, 79.4 /o) 



'Reference Example 9 

pyl)ethylcarbamate (5.70 g. 95.5%). 
35 Rpf gr^nce Example 10 

the procedure of Reference Example 5 was repeated » g 
oxo-1 -(2-methylpropyl)ethylcarbamate (2.63 g, 88.4 h). 

40 

Rpterence F xample 11 

the procedure of Reference Example 5 was repeaieo to y 
45 oxo-1 -(2-methylpropyl)ethylcarbamate (2.83 g, 94.8 /«,). 

R 0 < of pnr.e Example 12 

• (2-methylpropyl)ethylcarbamate (2.73 g. 92.3%). 

Reprice Exampl e 13. I b te (2 7 

\ 5 To a solution of 1 .1 -dimethy.et hyl W**^ 

B, 6.3 mmol) in ethyl acetate (20 mmol) were recovered by filtration and recrystalLzed 

mixture was stirred at room temperature hydrochlor.de (2.2 g. 

irom ethanol-diethyl ether to give 1 -(2-am,no-1-oxo-3 pheny«propy , 
96.1%) as pale-yellow crystals. 
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Rpference E xample 14 

99.1%) as white crystals. 
R Q faronrp Example 15 

(0.56 g, 70.4%) as white crystals. 
,5 Rpference E xample 16 

20 white crystals. 



25 




- Rpter-ence -Pxample-1.8- 



zine hydrochloride (4.83 g, 78.4%) as white crystals. 

35 . 

Rejerengg Fxample 19 

(1 .54 g, 62.6%) as white crystals. 
Rpfprence E xample 20 

(1 .40 g, 65.7%) as white crystals. 
SO Rpference F xample 21 

55 (1 .50 g. 65.3%) as white crystals. 
Reference Example 22 

U*. 2 .(4.(4. m ,^e^...p i peraz i nyO- 2 .oxo.,- (2 - m ^P.oPy l )*y.ea,^ ^ o, 
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. ^ _ ao/\ «i> v*,K'iiQ rrvctals. 



ride (2.21 g, 87.4%) as white crystals. 
5 Reference Example 23 



JO 



75 



w ■ i iin 0 17 97 a 10 mmol) and 1-(2-chlorophenyl)piperazine (2.00 g, 10 
To a solution of N-tert-butoxycarbonyl-L-vahne [Z 27 Started a solution of 1 -ethyl-3-(3-dimethylam.- 
mmol) in N,N-dimethylformamide (50 ml) under ^^^^^bZ^Slaale (1 .5 g. 1 1 mmol) in dichloromethane 
nopropyl)carbodiimide hydrochloride (2.2 g. 1 1 mmol) a J dich , orome »hane was then distilled 
( 50mS y and the reaction mixture was The ethyl acetate layer was washed 

off under reduced pressure and ethyl ^^^^^SS aqueous sodium hydrogen carbonate solution and 
successively with 1 0 w/v% aqueous ^^jJJ^^sSum sulfate. The solvent was then distilled off and 
saturated brine in the order mentioned and dr '^^ v an E 7 u ^ i{h ethy , ace »ate-n-hexane (1 :2. v/v) gave 1 ,1 -dimeth- 
the residue was subjected to silica gel f^^^^SS^LtiL^ This colorless oil was dissolved ,n ethy 



20 



tals 

Reference Example 24 



amino-1 -oxoethyl)-4.(2.chlorophenyl)p.perazine hydrochloride (2.4 g, ; 



25 



Rpference Example 25 



30 



35 



RpfefPnce E xample 26 ^ 



Rpference E xample 27 
amino-1 .oxopropyl)-4-(2-chlorophenyl)p.peraz l ne hydrochlor.de (2.9 g, 



40 



Reference Example 28 



45 



RM erence F xample 29 



50 



Reference rwmyn; «w 



Reference Example 30 



55 (4.0 g, 95.9%) as colorless crystals. 
Reference Example 31 

S,a* 9 N* W a*cn„.,— e. .he p-M. - Beference » - «P— » ~ <" 
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((s)-2-amino 



Reference Example 32 



EP 0 771 565 A2 

-4-me.hyUhio-1-oxo-butyl)-4-(2-chlorophenyl)piperazine hydrochloride (3.7 g. 97.1%) as colorless crystals. 



Starting with N-tert-butoxycarbonyl-L-glutamine. the procedure of Reference Example 23 was repe ate d tc . give > • I - 
((S ) J Sno-^ hydrochloride (2.7 g, 60.7%) as colorless crystals. 

Example 4 

To a solution of l- ( 2-amino-1-oxo-3- P henylpropyl)-4-(4-fluorophenyl)pipera Z ine hydrochloride (1.82 g 5 mmol) in 
N N-cLe hySo^amide (20 ml) was added triethylamine (0.697 ml. 5 mmol). and the mixture was st, rred at room tern- 
oeratuS 0 minutes To the eaction mixture was added ethyl p-nitrophenyl L-trans-epoxysuccnate , ( 41 g. 5 mmol), 
^S^^^S^^ the method of Tamai et al. [Chem. Pharm. Bull.. 35 1098 (1967% J ™ 

TrT a room temperature for 20 hours. The reaction mixture was poured into cold water and extracted with ethyl ace- 
"?h IS^ ho^ with 1 w*% aqueous ammonia, saturated brine. 0 IN hydrochloric , ac<.^ 
urated brine saturated aqueous sodium hydrogencarbonate solution, and saturated brine un the order mentioned and 
the ofaan c layer was drted over anhydrous magnesium sulfate and concentrated under reduced pressure The residue 
was subiected to Sa gel column chromatography, e.ution being carried out with ethyl acetate-hexane (1 :1 . v/v) to g,ve 

Tthyl S)3^[l(l" 

° 2 ?u MM 1 R°;r C D°aT iVwt 3H J-7 0 Hz -OCH 3 ). 2.42-2.50 (m. 1 H. pipeline ring), 2.83-2.94 (m. 2H. pipeline 
ring) 3 00 (d m ^6 Hz £S£ 2^7-3.07 1 H, pipeline ring). 3,4-3.22 (m, 1H, piperazine ring). 3*5 (d. 
1H, J=1 9 Hz. epoxy ring). 3 43-3.52 (m. 1 H. piperazine ring). 3.64 (d 1H £1.9 Hz. ■ WjnnQ) . *£JW 
piperazine ring) 4.25 (dq. 2H, J=7.3, 2.6 Hz. -0-CH 2 -C). 5.18 (q, 1H. J=5.3 Hz, -N-CH-CO). 6.75-6.83 (m. 2H, aro 
matic). 6.91-7.04 (m. 2H, aromatic. 1H, NH). 7.17-7.34 (m. 5H, aromatic). 

Example 5 

Usina 1 -(2-amino-1 -oxo-3-phenylpropyl)-4-(2-fluorophenyl)piperazine hydrochloride jnstead of 

repeat i d 10 ?r ta l' 

58 ' 6 i u SSSraMMS- 1 31 ft 3H J-7 1 Hz -CCH 3 ). 2.42-2.49 (m. 1 H. piperazine ring), 2.72-2.90 (m, 2H, piperazine 

• « n Z ?H J 8 3 Hz oh CHp-C ■) 2 94-3 10 (m 1 H. piperazine ring). 3.1 7-3.29 (m. 1 H. piperazine ring), 3.36 (d. 

erazine ring). 4 25 (dq. 2H. J=7.1, 2.3 Hz. -0-CH 2 -C). 5.19 (q. 1H. J=7.6 Hz. -N-CH-CO), 6.8 (t. 1H. J-8.3 Hz. NH ). 
6.93-7.1 1 (m. 4H. aromatic). 7.18-7.34 (m. 5H. aromatic). 

Example 6 

Usina i-(2-amino-4-methyl-1-oxopentyl)-4-(4-fluorophenyl)piperazine hydrochloride instead of 1.(2-amino-1-oxo- 

* 45 'f Ny C R7mcn 5 3 0 93 (d 3H J-6 3 Hz. -C-CHj). 1.00 (d. 3H. J.6.3 Hz. -C-CHj). 1 .32 (t. 3H, J.7.3 Hz. -C CH,). 

4H piperazine ring), 3.68 (d, 1K J-1.7 Hz, epoxy ring), 4.26 (dq, 2H, J-7.3, 3.3 Hz, u on 2 o,, o. ^ 
4.3 Hz, -N-CH-CO), 6.85-7.03 (m, 5H, aromatic and -NH). 

Example 7 

Using i-(2-amino-4.methy|.1-ox 0 pentyl)-4. P henylpi P erazinehydroch IO ride instead of l^^^^ m 
propyl -4 (4-f uorophenyl)piperazine hydrochloride, the procedure of Example 4 was repeated to give ethyl ^s,3s) 3 
K?s)-1-[^ (396 9> 633/ °' C ° m 

^fL rend )6- 0 93 (d 3H J=6 3 Hz. -C-CH 3 ). 1.00 (d. 3H. J=6.3 Hz. -C-CH 3 ), 1-32 (t, 3H, J=7.3 Hz. -C-CH 3 ). 

4H, piperazine ring). 3.68 (d. 1H. J-1.7 Hz. epoxy ring). 4.26 (dq. 2H. J.7.3. 3.3Hz -0-CH 2 -C), 5.03 (dt. 1H. J-8.9. 
4.3Hz, -N-CH-CO). 6.90-6.95 (m, 4H. aromatic and -NH), 7.25-7.33 (m. 2H. aromatic). 
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Example 8 



usina i-f2-amino-4-methyl-1-oxopentyl)-4-dimethylsuHamoylpipera2ine hydrochloride instead of H 2 " 3 ™™" 1 . 

1.38-1.60 (m. 3H, -C-CH 2 -CH-C 2 ), 2.85 (s BH. ^ . o l kk piperazine ring). 

eDOXY ring). 3.52-3.68 (m. 3H, piperazine ring). 3.67 (d, 1H, J=1.7 Hz, epoxy ° ° \ ' K 

4 27 1dq 2H. J=7.3, 4.0 Hz. -O CH 2 -C). 4.96 (dt, 1H. J=8.9. 4.3 Hz. -N-CH-CO). 6.90 (d. 1H, J=8.6 Hz, -NH-). 

Example 9 

0.34 ,d. 3H. ,.6.3 H, .CCH 3 >. 1.30 J* 
1 ,1 V« /m ?H C CH,-CH-C) 2 45 (s 6H. -ph-CH 3 ). 2.70-2.84 (m, 2H, piperazine ring), 3.22-3.54 m, 4H,pipera 

Example 10 

Using 1-(2-amno*meW-1-oxo^^ 

g,_35.9%;_Compound_7) olj u ^ h7 ^CH^ T^2 (t 3H, J=7.3 Hz, -C-CH^, 

7.27 (m. 1H. aromatic). 7.37-7.41 (m, 1H. aromatic). 
Example 11 

Using .-P^no^nelhyM-o^^ 

J"' ^ W-!5-*mS^ (m!3H. Bromalic m -NH), 7,6.7.23 (m. 1H. ^ 

Exa mple 12 

Usin 3 1.( 2 . a mlno.4.m e ,h,M-oxop e n^ 

* 2 ^M C R Tc P OC« 8 9, 0.33 B 3H. J= 6.3 H 2 40 ^ 1- (,3K ^ * 

1 .4 2 ,,3 (m .3H..C.CH,CH Crf 3.13.«0^^ 
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10 



15 



20 



25 



Example 13 

ikinfl 1 12 a mino-4-methy|.1-oxopentyl)-4-(4-methoxyphenyl)pipera2ine hydrochloride instead of H2-am\no-U 



oxo 

(2s,3s)-3-([[[(1s)-1 
(0.94 g, 65.2%; Compound 10) 



5.03 (dt. 1H, J=8.9, 4.3 Hz. -N-CH-CO), 6.83-6.96 (m, 5H, aromat.c and -NH). 
Fxamole 14 

ncinn 1 ff^2 a mino-3-methyl-1-oxobutyl)-4-(2-chlorophenyl)piperazine hydrochloride instead of 1 -(2-amino- 1 - 

g, 57.4%) as colorless oil. 
Example 15 

Using i.( 2 .amino-1-oxoethyl)-4-(2-chlorophenyl)piperazine hydrochloride instead of 



30 



35 



oil. 

Example 16 



3 IK^ ( 9< . 

colorless oil. 

Example 17 . ... 

g, 56.6%) as colorless oil. 
AO Example 18 

45 Oil. 

Example 19 

Using 1 .(2.m e « Vla min<,.t.oxo S tM)-4'(2-<:*^n»l)pip e '«™ ™™*!%%!?% s °' Stgi^y, 

g, 76.7%) as colorless oil. 
Example 20 

49.9%) as colorless oil. 
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Fxample 21 



^ l-l.^an^ac^^ 

ISeJSlaminolcartionylloxiraneca^xyiaK (1-19 9. 43.7%) as colons =»l. 

Example 22 

Using M^-no^elMh^ 

ylate (1 .54 g. 61.5%) as colorless oil. 
Example 23 

Ua* 3 H^no^,^^ 

boxylate (0.2 g. 5.8%) as colorless oil. 
Fxample 24 

To a so,«on o. ethy, (-3s)-3«^- 
nyl]oxiranecarboxylate (0.5 g, ^ M r ^^^^^S^i The reaction" mixture was poured into cold 
ice-cooling and the mixture was starred ^ room tempe ratu e for 20 ™ by fjltration and dried . 

water and acidified with 1N hydrochlonc ac.d and the resu Itmgwn. e P r ec ^ [[4 . (4 . {|u hgny^vpiperazi- 

This precipitate was recrystallized from ethyl acetate -^ xa 7;°^ V ^f a S) . 7 3 7 Compound 11). 
ny^rbonW^ 

1 H NMR (CDCI 3 )6: 2.34-2.41 (m, lHP.peraz.ne "J^^^^ 3 .49-3.58 (m, 1H. piperazine ring), 
azine ring), 3.06 (d. 2H, J-7.8 Hz P h-CH -C* 3.16-3.24 <ra 1H. p*er ^ Hz / pipera2ine ring). 4.5-6 0 
55 ( ^ 1H C^0H) 7 l^K^!!^ 6 H 74 e 6 P0 82 y (m.^H. aromatic, 6,1-7.00 (m. 2H. aromatic), ,20- 
7.35 (m.'5H. aromatic), 8.23 (d. 1H. J=8.6 Hz. -NH-). 

Fxamole 25 

piperazinyflcarbonyO-^ph^l^ ing) , 2 P 95 . 3 . 0 S (m. 1H, piper- 

>H NMR (CDC«5: 2.38-2.43 (m. 1H. P'P«»*™ nr <£> £ ™ , , H , piperaJ i„e ring), 

azine ring), 3.06 (d. 2H. J-7.8 Hz. ph-CH^. 120*g (m. H. Ppa a •» ^ ; ^ ring) 4 0 . 6 „ (6rd 

(m- 5H. aromatic), 8.23 (d, 1H, J=8.6 Hz. -NH-). 
Fxample 26 

, Using ethy, (2,3s)^^ 

carboxylase instead of ethyl C2«W«*1««<"^ 

nylloxiranecarboxylate. the procedure of f^,?'^^ 13). 
pfperazinyl]carbonyl]-3.meth y .]butyl]am^ ■ 1H _ j.^,, 10 .5, 



1H.J=8.6Hz. -NH-). 
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Example 27 

Usino ethvl (2s 3s)-3-[[[[(1s)-H(4-phenyl-1-piperazinyl)carbony^ 
3H, aromatic), 7.27-7.33 (m, 2H, aromatic). 8.20 (d, 1H, J=8.6 Hz. -NH-). 



Example 28 
Using 



ethvl (2s3s)-3-[[[[(1s)-1-[(4-dimethylsulfamoyl-1^^ 
n,]oxiranecarboSte SS of ethy. <*35<Mffl(1.H*^^ 



Example 29 



Usina ethvi (2s 3s)-3-[[r[(1s)-1 -[t4-(4-methylphenylsuHonyl)-1 -piperazinyl]carbonyl]-3-methyll-butyl]amino]carbo- 
Usmg etnyi ^s.os, o uiu .=•/■ ii v ' * a v1 . m / 1sm 4./4.f| UO rophenyl)0-piperazinyl]carbonyt]-2-phe- 
nylloxiranecarboxylate instead of ethyl (2s,3s) . uuusni* ^ » uu h J ^' J ^ QO-?-frrrMs^1-r[4- 
nyl ethyllaminolcarbonynoxiranecarboxylate. the procedure of Example 24 was repeated t g.ve (2s 3s) 3 [[[[(1 6)1 [[4 

^m etMphenylsulfonylH-pipera z^ 

C0 TMMR?CDCI « 0 90 (d 3H J-6 6 Hz -C-CH 3 . 0.93 (d. 3H. J=6.6 Hz. -C-CH 3 ), 1.23-1.33 (m. 1H, -C-CH-C 2 ). 
, « ?H C CH C- 2 45 (s 3H ph-CH 3 ) 2.73-2.91 (m. 2H. piperazine ring). 3.28-3.59 (m. 4H. piperaz.ne 

; \ « « ih j-1 7 Hz epoxy r ng) 3 48 (d. 1 H. J-1.7 Hz, epoxy ring), 3.70-3.83 (m. IK piperazine ring). 3.98- 
4 n of (m m p^ne^ S 15£ IK -N-CH-CO). 7.35 (d, 2H. J=7.9 Hz. aromatic). 7.63 (d. 2H. J= 8.3 Hz. 
aromatic), 7.97 (d, 1 H, J=8.6 Hz, -NH-). 

Example 30 

1 65-1.77 (m 2H 3.19 (WP » pperazine ring). 3.89-4.15 (m. 1H. pipe.az.na 

S ra ~,^»S W^mS !E£ 7,1-7.23 <m. 1H. a-oma.c). 7.37-7.4, <n,,H. aro- 
matic). 8.25 (d. 1H. J=8.9 Hz. -NH-). 



Example 31 



, . ■ m„i roc *«. s rr»no-1-fr4-f3-chloroDhenyl)-1-piperazinyl]carbonyl]-3-methyl]butyl]aminolcarbonyl]oxirane- 

^—tatte' Sc 3 e lre t[ 5! 1 E S Lm l p.e ( 24 washed to ^^^)^S^T^^ 
PP erazinyllcarbonyl}-3-methyl)butyl]amino]carbonyl]oxiraneca^ 
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Fxamole 32 



carboxylate instead P Y (2s ,3 S )-3-[[[[(1s)-1-[[4-(4-chlorophenyl)-1- 

'H NMR (CDCI 3 )8: 0.96 (d, 3H. J=6.6 Hz. -C-CH 3 ), 0 99 <d. an. J " • w • ( 4H 

(m 2H. aromatic). 7.21-7.26 (m. 1H, aromatic), 8.18 (d. 1H, J=8.9 Hz. -NH-). 
Example 33 

p.hvl (2s 3s.-3-..,r(ls)-1-[[4-(4-methoxyphenyl)-1^ 
nyOoSecaCite E2? "2 ^ 

^hZ* (CDC, 3 ) 5 : 0.95 (d. 3H, J= 6, Hz, -C-CH 3 ). ^^JlZ&ffii 
1.63-1.80 (m, 2H, -C-CH r C-). 3.05-3.19 (m. 4H, p^erazine n g) ^^^^^S? K -COOH), 6.84- 
piperazine ring). 3.62 (d, 1H. J- 1.7 Hz. epoxy ring). 5.06-5.13 (m, 1H, in oh w], 
7.00, (m. 4H. aromatic). 8.1 4 (d. 1 H. J=8.6 Hz, -NH-). 

Fxamole 34 

Mh«. .2s 3s1-3-r[rr(1s)-1-[[4-(2-chlorophenyl)-1-p^ 
Using ethyl (2s.3s) 3 Uj4"MJ* * 3. rr rr ( is)-1-[[4-(4-fluorophenyl)-1-piperazinyl]carbonyl].2-phe- 

nyl]oxiranecarboxylate instead of ethyl (2s.3s) 3 ttl^Jill^t Seated to give (2s,3s)-3-t(U(1s)-1-[[4- 

as sarss < m %. «-* - ... 

1H, aromatic), 8.29 (d,1H, J=8.9, -NH). 
Example 35 

Using ethyl 
45 (brd.lH.-NH). 



30 



35 



Fvam ple 36 



50 



55 



using emyH^sH-BKisH.^^ 

instead oi e,hyl (*.3s).3- m is).1W^^ 

carbonate, the ptoeedute ol Example 24 was l »» e ^™ourS 23) a colorless crystals. 
J=8.4, -NH). 
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Example 37 



w 



p,p e , a ziryllcarb»nyl]-2-.n^ 

NMR (CDC«a: 0.9, ft 3H. J-7.3 Hz. .C-OH 3 ). - .00 (d. 3H. ^<^,*^^ £ Si 
,K -CH-C). 1.84 (rn! 1H -CH-C). 2.97*17 (n, 4H. ^fg^^^^^W ™- ^ « 

j „-:.^s7^s 



Fxam ple 38 



r5 



20 



25 



Using ethyl (^s^-lP,^ 
instead of ethy. (^-MtltOsH^ 

carboxylate. the procedure of Example 24 ™ »P<** ^g^JPJ J co|orle ^ crystals . 
n y ,lethyl]amino]carbonyl]oxiranecarboxy he ac.d (0.85 «• 78 ^f ■ C J^ n (m i K piperaz ine ring). 3.35 (td, 2H, J=6.9, 
1 H NMR (DMSO-d 6 )5: 2.56 (t. 2H J-6.9 H*. -C-CJV =0). 91 2- 98 £ • • PP 64 2H jperazine 

5.6 Hz, N-CH 2 -C,. 3.49 (d, 1 H, J=2.0 Hz, epoxy r.ng 3.5S (d, 1H ^^J* 1H 9) J=7 . 9 , , 7 Hz , aromatic), 7.43 
ring). 3.80 (m, 2H. piperazine nng). 7.07 (td 1H. J-7.9. 1.7 hz. ar om a £ v 
(dc I. 1 H. J-7.9. 1 .7 Hz. aromatic), 7.31 (m. 1 H. aromatic). 8.40 (t. 1H, J-5.6 hz. inm;. 



Pxample 39 



Usin S e.7* W^M^^^^ 
carboxylate instead of eW(2s^^^ 

^^^^^^^^^^^^^^ 



30 less crystals. . r : nn x * 07 fs 3 w -NCH-,). 3.63-3.71 (m. 2H, -N-CH 2 -CO). 3.75 (d, 

1 H NMR (CDCI 3 )8: 3.01 -3.10 (m. 6H. pipe az,ne nng). 3^27 (s 3H. NW*>. .* v g. 7>05 ( 2H , a ro- 

1H J=1 9 Hz, epoxy ring), 3.78-3.90 (m, 2H, piperazine ring), 4.02 (d, 1H, J-1.9 Hz, epoxy gj. 
matic). 7.24 (m. 1H. aromatic). 7.36 (m, 1H. aromatic). 

35 Fyamde 40 

Using etny. (2s,s)-3,«2s)^ 
late instead of ethyl (2s,3s)-3-[[[[(1s)-1-[t4-(4-fluorophenyl)-1 p^era^ny^ 

nynoxiranecarboxy.ate. the procedure of Example ^.^^^giy as colorless crys- 
40 pfperazinyllcarbonylM-pyrrolidinyllcarbonyllox.ranecarboxylic acd (0.94 g. 7.07%. Comp 

tals. .... 9 179 , 0 / m ou ovrrolidine ring). 3.06-3.20 (m,4H.piper- 

1 H NMR (CDCI 3 )8: 1.94-2.11 (m. 2H. pyrrohd.ne nng). £17-2.30 J Hz> pyrrolidine ring). 4.96 

azine ring), 3.63-3.76 (m. 2H p.peraz.ne nng) ^8^3.85 <£6H ). 4.00 (dt aromalic)> . 7 . 37 (m , 1H, aromatic): 

(dd, 1H, J=7.8. 4.3 Hz, pyrrolidine ring). 6.97-7.04 (m. 2H. aromatic), 1.** im, 

is ... 
Exampig 41 

Us,^ <*.3s>-3* 

ca,bo n yllo»-anaca rt >ox»la.a instead ol «W <£3*T3 HI ™ ^ £ I togive ( 2s .3s).3-M<1sH-(l4- 

s ° add <0 88 9 ' 

. ^J^S^SSE ^TSSISW P JU«. 7.3S ... ,H. 7.S0 » 

1H, 2 J=8.3, -NH). 9.00 (brd. 1H, -NH). 
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w 



u ,o ^ q rm/iri n .[f4-(2-chlorophenyl)-1-piperazinyl]carbonyl]-3-methylthio]propyl]amino]carbo- 

Compound 29) as colorless crystals. rwrn?i2(s3H -SCH,) 2.57 (dt, 2H. J=6.9. 2.3 Hz. -C-CH 2 - 

1 H NMR (CDC. 3 )8: 1.98 (dd. 2H. J-6 -J " SflJ^d. 1K J- 1.9 .Hz. epoxy ring). 3.71- 

C-S). 3.05-3.19 (m. 4H. piperaz.ne ^»-«^"}^^ aK fl ( ^ 7.24 (m. 1H. aromatic). 7.38 (m. 
3 94 (m, 4H, piperazine ring), 5.26 (m, IH, noh ou;, /.uu \ 
1H. aromatic), 8.18 (d, 1H, J=8.6, -NH). 



Fxample 43 
15 Using 



20 



, I**** 3 r ff rnsVHf4-(2-chlo^ 

Sg2S23ET5SS3SS^^ acW (0 ,4 9 ' 745%; 

Compound 30) as colorless crystals PH-C-COO 2 36-2 53 (m. 3H, -CH-CH r C-CO-), 2.89- 

aromatic). 7.21 (m. 1H. aromatic). 7.37 (m. 1H. aromat.c). 7.88 (brd, 1H. -NH). 



Exam ple 44 



carboxylate instead of ethyl (2s.3s)-3-[l[[(1s)-1-l[4-(4-fluoropneny^ ]P^ e / 2s 3 S ). 3 -[t[(1s)-1-t[4-(4-fluorophenyl)-l- 

30 crystals. ,„^„„.„n 1 n 7 / m 2H cvcloDentyl), 2.22 (m. 2H. cyclopentyl), 2.97 (m, 4H, 

i H NMR (DMSO-d 6 )6: 1.61 (m. 4H. cyclopenty 0. 187 < m j_ 2H - C £°^ mg)t 3 .6 0 (m. 4H. piperazine ring). 6.95- 
ninerazine). 3.45 (d. 1 H. J=1 .6 Hz, epoxy ring). 3.58 (d. 1 H. J-2.1 Hz. epoxy r.ngj, 
7 20 (m! Ih. aromatic). 8.89 (s. 1H. -NH). 13.4 (brd, 1H, -COOH). 



35 Example 45 
To a 



, v „ solution of the (2s,3S) 3 muis; i u-» V h ' P v am nle 29 in dichloromethane 15 ml) were 

amino)carbony.]oxiranecarboxylic acid (0 935 g 2 mmoO ^^S^Ss 9 4.0 mmol). Then/a solution of 
added o-benzylhydroxylamine (0.638 g, 4.0 ™^ *? d ^ under ice-cooling. The 

dicyclohexylcarbodiimide (0.619 g, 3. -ol) d,ch ^oromethane ( 5 ^ - ^ The precipitate was 

mixture was stirred at room temperature tor 24 hours at he ena ai water ^ Qrganic 

(0.86g, 75.1%; Compound 32). -C-CH 3 ). 1.23-1.31 (m. IH. -C-CH 2 -C). 

1 H NMR (CDCI 3 )8: 0.84 (d, 3H, J=6.2 Hz -C-CH 3 ) 0.9 I (d. 3H J- M Hz c O 3 , ^ 

1.36-1.58 (m. 2H. -C-CH-C. -C-CH-C 2 ). 2.43 (s. ^^^^^^ Sn g ). 3.43 (d, 1H, J-1.7 Hz. epoxy 
piperazine ring), 3.31-3.51 (m. 2H. P^^^ ( ^^SS:90^ 1H. -N-CH-CO). 4.87 (s. 3H. 

Example 46 



40 



45 



55 



rxrimpic 

, ,h« r2 fi 3sV3-flir(1s)-1-([4-(4-methylphenylsulfonyl)-1-piperazinyl)carbonyll-3-methyl]but^ 

To a solution of the (2s.3s)-3 uiuisj 1 ^ *T,.. n i, cvamole 45 in methanol (25 ml was added 
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n^^nolca.bon^ir.neca^o^ add <0.,8 * ^5^^, « (m . ,H. -CCH 2 -C>. 

•H NMR (COC«S: 0.84 (d, 3H. J=5.9 ^ -C-CH^ W * ^azine ring)' 3.44-3.80 (m. 3H. 

,.50-1.64 (m. 2H. -C-CH-C. -C-CH-Crf 2.42 a. 3H. ^-Cty_ 2 .903 .20|^ . P£ 4 . 76 . 4 . 90 (m. ,H, 

10.40 (brd, 1K -OH). 
Pimple 47 Tablets 



w 



Compound 23 


80 mg 


Starch 


17 mg 


Magnesium stearate 


3 mg 



15 



20 



The above components per tablet are 
can be sugar-coated. 

Example 48 Capsules 



compressed into tablets in the routine manner. Where necessary, the tablets 





Compound 18 


50 mg 


25 


Lactose 


100 mg 




Starch 


30 mg 




Magnesium stearate 


10 mg 



30 



35 



The above components per tablet are mixed and filled in gelatin capsule shells. 
Fyam ple 49 Injection 



40 



Compound 21 


2.5 mg 


Sodium chloride 


900 mg 


iN-sodium hydroxide 


q.s. 


Distilled water tor injection 


to make 100 ml 



„ The above'components are mixed in the routine manner to provide an injection. 
Sample 50 Ophthalmic solution 



50 



55 



Compound 18 


50 mg 


Boric acid 


700 mg 


Borax 


q.s. 


Sodium chloride 


500 mg 


Sodium edetate 


0.05 mg 


Benzalkonium chloride 


0.005 mg 


Sterilized pure water 


to make 100 ml 
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mixed in the routine manner to provide an ophthalmic solution. 



Fyamole 51 

N.^-Naohthal rnrH iHonyHJ -v*M-L-leucinal 



10 



15 



20 



25 



30 



35 



40 



N-^-INdl " 'Q'<=' LSiaag r ■ « ' 

Valine(1,5g)wasd— 
tetrahydrofuran (100 ml) ^.^^ 2 ^£23S chloride (18.5 g) in tetrahydrofuran with st.rr.ng 
solution (100 ml) and a solution (100 mO ^^^J^mu. to allow reaction. After the comp^on of 
under ice-cooling. The solution was st.rred or one day * ™m P^ Jhe ^ was washed w .th 

the reaction, the reaction mixture was ad usted to pH 2 : 3 ^nd «d magnesium sulfate. Ethyl acetate was evapo- 

ss a^ssss^ wiih a mixture 01 hexane ' ethyl acetate 10 9,ve 9 

(2-naphthalenesuHonyD-L-valine as white ydroxysucC inimide (5.4 g) were dissolved in tetrahydrofuran 

N-lS-NaphthalenesulfonyO-L-yahne fl) hydrochloride (9.0 g) m d.cNo- 

(200 ml), and a solution (200 ml) of '•'JJ^JI^ 

omethane was gradually added dropw.se ,«rth evaporated under reduced pressure and 
perature to allow reaction. After the complet. on of '^g^Z** with dilute hydr0 chloric acid, saturated aqueous 
the residue was dissolved in ethyl acetate. ^ m^ure w as wasn drQUS magneS ium sulfate. Ethyl acetate 
solution of sodium hydrogencarbonate ^ J*££^j£j^ with a mixed so.ution of hexane-ethy. acetate to 
was evaporated under reduced pressure and the res.du ^ s " ester as wnite crysta is. 
give 1 4.1 g of N-(2-na P hthalenesulfonyl)-L ; yal.ne N ;^2^™ * and leuc inol (0.63 g) were added to d.chlo- 
9 N -(2-Sa P hthalenesu.fonyl)-L-valine N^f^^S^^ii; adding triethylamine (0.68 g). The solut.cn 
romethane 000 ml), and the mixture was ^ = JhSSK the mixJe was washed with dilute ^ydrochlo- 
was stirred for 2 hr to allow reacfon, A tt er ; h ^ c °^' O n n car b 0 nate and saturated brine, and dried over anhydrous mag- 
ric acid, saturated aqueous solution of sod ' u ™^ and the residue was washed with a m,xed 
nesium sulfate. Dichloromethane was evaporated ^^^^^^.u^nol as white crystaU, . 
solution of hexane-ethyl acetate to g.ve 13 S ^ 2 ^^ in di methyl sulfoxide (20 ml).and d.chlorometh- 
N^(2-Naphthalenesulfonyl)-L-valyl--Uleuc.nol-a ; 3 g)j^^i^L^ q om tem p era tuT ewhilradding asolution— 

ane (10 ml), and triethylamine (1 .9 g) was added. ^^J^S^SSZ followed by stirring for 2 hr. After the 
(20 ml) of sulfur trioxide-pyrid.ne complex (2.0 g) was washed with dilute hydrochloric acd. saturated 

completion of the reaction, ethyl * ceta * wa *jf ^ over anhydrous magnesium su.fate. The 

aqueous solution of sodium hydrogenc^bonate . ar«d saturat * & g mixed solution c f hexane-ethyl 

(c I1H J-MHz). 8.27*(d. 1H.J-7.3Hz), 9.14 (s. 1H). 

( d .lH.J=7.3Hz).9.15(s. 1H). 

Anal. (C l7 H 25 CIN 2 0 4 S) C H. N t0 iuenesulfonyl chloride was used instead of 2-naphthalenesu fonyl 



28 



EP 0 771 565 A2 



f onyl)-L-tert-leucyl-L-leucinal (Compound 38) was obtained as white crystals. [Step 5] 

. ^im^ ^ i:;^ s 2 S,^,. e , , 

(d. 1 H, J=6.4Hz), 8.29 (m. 1 H). 8.91 (s, 1 H). 

Anal. (C 22 H 30 N 2 O 4 S) C. H N. 4 . f | uorobe nzenesulfonyl chloride was used instead of 2-naphthale- 

JSZ'SZ^^^^^ °< «* 1 ' N-(4-f,uo r op h eny l su„ony,).0. V a,y,-,,euc I na, 
(Compound 39) was obtained as white , crystals. (Step 6] J= 1 ^ 5Q (m> 

(s. 1H). 

Anal. (C 2 2H3oN20 4 S) C. H N. iiunrobenzenesulfonyl chloride was used instead of 2-naphthale- 

7.34-7.45 (m, 2H). 7.79-8.07 (m. 3H). 8.29 (d, 1H.-J-7.3Hz). 9.18 (s. 1H). 

Anal. (C 22 H3oN 2 0 4 S) C, H N. fi„orohenzenesulfonyl chloride was used instead of 2-naphthale- 

( ^ R 4 1 - 14 - 1 - 66 <- 7H) ' 378 ft 1H - J=6 - 3HZ) ' 3 - 84 ' 392 (m> 1H)> 

7.34-7.42 (m. 2H), 7.79-8.02 (m. 3H). 8.28 (d, 1H. J=7.3Hz), 9.18 (s, 1H). 
Anal. (C 22 H 30 N 2 O 4 S) C. H. N. 

Fxamole 52 

M- W-Nlanhthpion^! .Ifnnvl VI - tP r t -l eucyl- L-phenvlalaninal 



- ££=^7* was diss** ft 1 M aouaous SSSKThSSS 
and tatratwdrolur an (1 00 mi) ware added. 4 n?in eVaOyd^ran with stirring under 

solution (too mi) and a solution (too ml) ^^^^^^,J^,. Aft er the contplation of .he raao- 

naphthalenesulfonyl)-L-tert-leucine as white crystals hvdroxvsuccinimide (6 9 g) were dissolved in tetrahydro- 

N^-Naphthalenesu^ hydrochloride (11.5 g) in 

furan (200 ml), and a solution (200 ml) of 1-ethy 3 ^'^ a , ce .^' T he solution was stirred at room tem- 
dichloromethane was gradually added dropw.se ^J^^J^^^ the solvent was evaporated under 
perature for about 12 hr to allow reaction. After th « C , 0nnp f t '° n T °I ^ ixtU re was washed with dilute hydrochloric acid, 
reduced pressure and the residue was dissolved ^^^^^TJ^ over anhydrous magnesium 
saturated aqueous solution of sod.um hydrogencarbonat* an ' "Jj *J ™l ^ washed with « mixed solution of 
S£55 Sa^ .hydroxysuccinimide ester as white 

added to dichloromethane (50 ml), and the m.xture was st.rred at f0 °™ X *W*z™e™ the m j xture was was hed with 

-xrf m i^^ 

lalaninol as white crystals. jlatan i--i n fi m was dissolved in dimethyl sulfoxide (20 ml) and 

N . ( 2-Naphthalenesulfonyl)-L-tert-leucyl-L-phenylalan,nol (1 .6 g) ^ s d ^°;~ d room y temper ature while add- 

dichloromethane (10 ml), and triethy.amine 2.1 g) was ' which was followed by stirring for 

ing a solution (15 ml) of sulfur trioxide-pyndine comp^x { 2.2 dilute hydrochloric 

2 hr. After the completion of the reaction, ethyl acetate warded. The mnd ure anhydrous magne- 

acid, saturated aqueous solution of sodium ^^^^^f^Z washedwith a mixed solution 
sium sulfate. The solvent was evaporated under reduced pressure, and tne rescue 
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white crystals. [Step 1) 2.63-2.77 (m. 1H). 3.56 (dd. 1H. J-6.8. 13.2Hz). 

Anal. (C 25 H 28 N 2 0 4 S) C H N. . {luoroben2enesulfony | chloride was used instead of 2-naphtha e- 

ZtoWH^W^t^n^Ztt^Pr, ,„ 3 H J-6.4HZ), 1.69-1.86 (m. 1H). 2.67 (dd. 1H, 
. IH-Lr (OMSO-ds *™ < j ^'SS, 3.^.07 (m. IN,. 7.12-7- 7H). 7.7, 

Anal. (C 2 oH I3 FN,0 4 S) C, H. M. _ d „, wi4MdM of step 1 . ma-naphthalenes* 

(m 4H) 8.36-8.43 (m. 2H). 8.86 (s. 1H). 

' Anal. (C 24 H 26 N 2 0 4 S) C, H, N. ch |orobenzenesulfonyl chloride was used instead of 2-naphthale- 

- n j^nS^ 

Saninal^^ (d 3H J=6.8Hz). 1.70-1.87 (m. 1H>. 2.67 (dd. 1H. 

13 1H NMR (DMSO-d 6 270MHz)8: 0.77 (d J£S£)£" ^3^. 4.00-4.07 (m. 1 H). 7.12-7.32 (m. 5H), 7.50- 
J-8.8. 14.2Hz). 3.01 (dd. 1H. J=5.4 U«HJ .3.60 . (dd. 1KJ-J .4 9.3H ) 
2S 7.60 (m,2H), 7.68-8.00 (m. 2H). 7.98 (d. 1 H. J=9.3Hz). 8.44 (d. 1 

Anal. (C 20 H 23 CIN 2 O 4 S) C. H. N toluenesulionyl chloride was used instead of 2-naphthalenesulfony 

ch Jd^^^ N-(4- m ethy,pheny.su^ 

(Compound 46,-was-oWained.^ 

30 J f H dd N iS ^^f^^K^i^^ ^H). —37 (m. 7H). 7.59-7.BS (m, 2H, 7.73 
% "S ?j=93W).8:4lid.1H.J=6.8Hz).8.99(s.1H). 

Anal (C 2 iH 26 N 2 0 4 S) C. H, N. . h „ a _ ecarboxv |j C acid was used instead of tert-leucine 

Tn The same manner as in Stepi except (Compound 47) was obtained as 

- of Step 1. l-(2-naphthalenesulfonylam.no)cyclohexanecaroonyiLp y 

white crystals. (Step 6] . . 4H » 2 28 (dd. 1H. J=8.6. 14.2Hz). 3.06 (dd. 1H, J-&3. 

1 H-NMR (DMSO-d 6 270MHz)8: 1 12 (• br. ^^^Vh) 7 86-7 72 (m. 2H). 7.98-8.15 (m, 4H), 8.41 (s. 1H). 
14.2Hz). 4.07-4.14 (m. 1H>. 7.16-7.29 (m. 5H). 7.63-7.72 (m. 



9.29 (s, 1H). 
A0 Anal. (C 26 H 28 N 2 0 4 S) C H. N. 

Pvample 53 

N r .r. H n,n ph B nvteultonvlVI -^lyM •tryptophanal 



45 



so 



£5 



N-|fU i""i""' lr -"i' ' ■ .. . 

Valine(131 9 ) was dissoived in 1M aqueous sodium ^^^^A 
tetrah "furan (100 ml) were added. liSporllon. thereof with stir- 

and a solution (100 ml) of t0 a "° W 2S 

ring under ice-cooling. The solut.on was st.rred for one day a ™ p jth ^ , acetate . T he extract was washed 
of ?he reaction, the reaction mixture ^J^*** Anhydrous magnesium sulfate. Ethyl acetate was evap- 

33 IS^^tt^-^* - * — °< hexane " ethyl acetate t0 9,ve 136 9 

(200 n! . and ablution (200 ml) of 

omethane was gradually added dropw.se w.th st, nno the solvent was evaporated under reduced pre* 

to r about 12 hr to allow reaction After ^^^^ washed with dilute hydroch.oric acid, saturated 

s£ - - ~ anhydrous ma9nes,um su,,ate - 
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w 



30 



35 



E* acetate was evaporated unreduced P = ™ 

ethyl acetate to give 14.3 g of N-(4-chlorophenylsulfony J-L-vahne N hy dr xy |_-tryptophanol (0.88 g) were added to 
y N . ( 4.Ch,oropheny,sul ( onyl)-L.va,ine 12 g). The solu- 

dichloromethane (1 00 ml), and the mature was s ». ^ ™J^J^^ S0 | V en?was evaporated under reduced 
tion was stirred for 2 hr to allow ^^^^S^^ d «u hydrochloric acid, saturated aqueous solution 
pressure. The residue was dissolved n ethy L^ 6 '^^ ove r anhydrous magnesium sulfate. Ethyl acetate was 

,/g of NK4<hlorophe^sulfon^L^y|-l^»^ f^dSved in dimethy. sulfoxide (20 ml) and dichlo- 
N - ( 4-Chlorophenylsulfonyl)-L.valyl ; L-tryptophanol (1.5 g) was d.ssoM temp erature while adding a 

romethane (15 ml), and triethylamine ,0.0 g) J^^" ^^J^sK which was followed by stirring for 1 hr. 
solution (20 ml) of sulfur trioxde.pynd.ne comph* £1 ^'^^^ was washed with dilute hydrochloric acd, 
After the completion of the reaction, ethyl acet f ^ s f ™ ^ brine . and dri ed over anhydrous magnes,um 
saturated aqueous solution of sodium W to ?™?£°°**^ a " d ne residue was purified by preparative TLC plate 

^efoj^ 

(Compound 48) as white crystals. [Step 1] j=6.4Hz), 1.77-1 .91(m, 1H). 2.82 (dd. 1H, 

7 ;ThK 07°i d dd iH^fa X £ (m. 1H). ,95-7.69 (m. SH). 7,9 

J 1H. J=98H;] I t ui (d. 1K J*.4H*).*21 (S. 1H), 10.92 (s. 1H). 

Anal. (C 22 H 24 CIN 3 0 4 S) C H. N fi„orobenzenesultonyl chloride was used instead of 4-chlorobenze- 

Anal. <C 22 H 24 FN 3 0 4 S) C. H.N naD hthalenesulfonyl chloride was used i nstead of 4-c hlorobenze^ 

--Inthe-same-manner-asjn-StepJ-except.^ 

nesulfonyl chloride, and 1 ^^^^^^ white crystals. [Step 3] 

fony.amino)cyc.ohexanecarbony<-L-t^ 2H) . 4.10-4.17 (m. 1H). 6.95-7.22 (m. 

HSSKK ;^ 7 b ^ * - (s ; 1H >- 1089 (s ' 1H) - 

Anal. (C 28 H 29 N 3 0 4 S) C. H. N. naohthalenesulfonyl chloride was used instead of 4-chlorobenze- 

„ jus ss sis'rr k^-*..»<«*--**-^ 

Anal. (C 27 H 29 N 3 0 4 S) C. H, N. 



Exam ple 54 

45 m. ( a-F1i mropheny ^' »n™ Y i)-L-val vl-1 -cydohRxylalaninal, 



50 



55 



Valine (1 1.5 g) was disced in 1M aqueous sodium hydroxide soMion 0 m£ 
tetrah ^ ofiran (100 ml) were added. Thereto were ^^^^^^2^6^ with stirring 
olution (100 ml) and a solution (100 ml) of After the completion of 

under ice-cooling. The solution was stirred or day at room emperatu ^ ^ ^ washed ^ 

the reaction, the reaction mixture was adjusted t \^ 3 ^ ^iT^es^ sul(ate . Ethyl aceta te was evapo- 

25 K£2i^^ 0< hexane - ethyl acetate to 9ive 155 9 of ^" 

(200. ml), and a solution (200 ml) of ^V 1 /^.^^ stirred a* room temperature 

omethane was gradually added dropwise w,th st, rnng u nder "^^^waporated under reduced pressure 
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ous solution of .odium -^^^^ ^^SfflK ~ h y vi 

acetate was evaporated under reduced p essure an J^"^ inimide ester as white crystals. 

acetate to give 14.1 g of N-(4-fluorophenylsultonyl)-L-vahne N hydroxysuc 2 . amino . 3 . cyclohexvM . pro panol 

. N^FIuorophenylsu.^ S fte ^ ^sfirred at room temperature while 

hydrochloride (1 .5 g) were added to f^^™^ 8 ! ? to aCreactTon. After the completion of the reaction, the 
adding triethylamine (2.0 g). ^^^'^^J^ed in ethy. acetate, washed with dilute hydro- 

s^^^ as whi,e crys - • 

ta, %- ( 4.P,uo r opheny,su,ony,)-L-valy,-L-cyc.ohe r 

diohloromethane (10 ml), and ^^f^J^.^^Z^^ was followed by stirring for 
ing a solution (10 ml) of sulfur tnoxide-pynd.ne comptex £C g ^"J™ was washed with dilute hydrochloric 
1 hr. After the completion of the reaction, ethyl "^r^^^^bA* and dried over anhydrous magne- 
acid, saturated aqueous solution of sodium and he residue was purified by preparative TLC 

slum sulfate. The solvent was eva P° r f a % d " n f f .^v) fo g ve 0 37 g of N-(4-fluoropheny.sulfonyl)-L-valyl-L-cyclohex- 
plate (developing solvent: hexane-ethyl acetate, 1.1. v/v) to give u.o. g o v 

ylalaninal (Compound 52) as white ^crystals _[Step 1] J=10 . 9 Hz). 0.84 (d. 3H. J-1 0.9Hz). 1.80-1.93 (m, 

^.^eeT?* 3^;^:^^ 2^^7.37 (m. A* 7,6 (d, 1H. J= 8.9Hz, 8.29 (d, 1H. 
J=6.6Hz), 9.10 (s, 1H). 

Analr(e 2 -4H3 2 N2©4S)-GrHr-N.— — — — - — — — ysed instead 0< 4-fluorobenze- 



nesunonyi ununuc, , , v -r , , 

crystals. ' i^un ft o9M aw J-10 2HZ) 0.85 (d.3H.J=10.5Hz), 1.89-1.93 (m. 



J=6.6Hz), 9.11 (s, 1H). 

Anal..(C 20 H 29 CI-N 2 d 4 S) C.H.N 

Example 55 



0-Va.ne (,6 9 , - disced * 1M «, uaou . - ^"SS 

tatrahydroluran (1 00 ml) wara addad Tharato ^'"^^,^9"*) in tetranydroluran with stirring under 
solution (1 00 ml) and a solution (50 ml) of ^"^^^^ JLn. AtJ th. oomplation ol tha raao- 

ophenylsulfonyl)-L-valine as white crystals hvriroxvsuccinimide (4.4 g) were dissolved in tetrahydrofuran 

N.(4-Fluorophenylsu.fony.)-L-va.,ne (8 0 g) ^^^^^We hydrochloride (7.3 g) in dich.o- 
(150 ml), and a solution (150 ml) of 1-ethyl-3 -(3-d.methy f^^'™ ^^' a , wm temperature tor aboirt 
omethane was gradually added with stirring under ^^^^^^^ reduced pressure and 
1 2 hr to allow reaction. After the » m ? e acid, saturated aqueous 

the residue was dissolved in ethyl acetate. The ^ h ir! n T d ^oTer anhydrous magnesium sulfate. Ethyl acetate 
solution of sodium mixed solution of hexane-ethyl acetate to 

g) were added to 
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piessura. The -esidue was dissolved ,n .t y ^* f ^XTmagnesium s U «a,e. Ethyl acala.e was 

1 .6 g of N-(4-fluorophenylsulfonyl)-D-valyl-D-leucinol as white crystals. dich ,orometh- 

N-^uorophen,^^ 
ane (10 ml), and triethylamine (2.4 g) was added The so ution £J e stirrj {or 1 hf After the 

(20 ml) of sulfur trioxide-pyridine complex (2.6 g) ' «d.mrtjj «J too*. J*J hydrochloric acid, saturated 

completion of the reaction, ethyl ^^J^J^^^SS^ anhydrous magnesium sulfate. The 
aqueous solution of sodium hydrogencarbonat .and saturate bnnj and d f y a , ve TLC plate (deve ,oping sol- 

(compound 55) as 

white crystals. [Step 1] . 6H j =6 3Hz)i 0 .87 (d, 3H, J=6.9Hz). 1 .15-1.45 (m, 

3H , tesrks ssft^^ra^ * «* 2Hi - 795 «* ih 

J=6.9Hz). 8.26 (d, 1H. j=6.9Hz), 9.14 (s. 1H). 

S'SSS , e>=ep. my** » — "»-- - °— r™*"** 

D-lsucinal (Compound 56) was MM I as *le ay**. [Step 21 ^ 1,18-1. 50 (m. 

3 „,:^ D r^. * «■ 78 °- 7 96 * 3H) ' 822 w m 

J=6.9Hz), 8.96 (s, 1H). 

Anal. (C 20 H 29 FN 2 O 4 S) C. H. N. 

25 Example 56 (Tablet) 



15 



20 



30 



Gompound-35 

Lactose 
Starch 

Magnesium stearate 



_30_mg 
80 mg 
17 mg 
3 mg 



35 



U Sl o 9 ma above Ingredieo, as «ia aialeda, ,0, ona 1ab,a1. MM are P-pa-ed b, a coovenlicna, melbod. IMieie 
necessary, sugar coating may be applied. 



40 Sample 57 (Injection) 





Compound 48 


2.5 mg 


45 


Sodium chloride 


900 mg 




1N sodium hydroxide 


q.s. 




Distilled water for injection 


total 100 ml 



so 



The above ingr 



edients are admixed by a conventional method to give injections. 



55 
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Fvamole 58 (Eye drop) 
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Pnmnnund 35 


50 mg 


Boric acid 


700 mg 


Sodium tetraborate 


q.s. 


Sodium chloride 


500 mg 


Hydroxymethylcellulose 


500 mg 


Disodium edetate 


0.05 mg 


Benzaikonium chloride 


0.005 mg 


j Sterile purified water 


total 100 ml 



20 



25 



30 
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T h e above sealer* are admixed by a eonveniiona, mernod ,o 9 iva a suspension ,o, eye drop. 

E2fisctaa ^^ En ec,oK»^^ 

of basic FGF (bFGF) 
(Test Method) 

(1) Method for preparing pellets for transplantation 

A . u „on (5 „ o, ~ ^« -ess; ssrss^ - 

.era^e'^^^^ 

-rar^r^^ 

(2) Transplantation of pellet into cornea of guinea pig ^ 

The procedure followed the method of M. KusaKa et ^^^^^^ Z*£soZ*™ 
(1991)] . That is. male guinea pigs we.gh.ng 300-400 g we ^£ ^ Bayer> ud) . A pocke t was formed in 
hydrochloride, Sankyo Company. L,m.ted) and P^^^ 1 ^^, limbus t0 the center of cornea, using , a 0 5 mm 
the intercellular layer of corneal stroma of both eyes ^JJJJ. ^ , he ked thus formed, and a bFGF-con- 

Co.. Ltd.) was instilled once a day for 5 days. 
(3) Evaluation of the effects of cysteine protease inhibitor 

^ Theene rt ofthecysteineproteaseinhibitor T 

which is an avascular tissue had high ^ermeab. My. . ^^jg ^ 9 P days posttransplantation of pellet, gumea 
due to incurrent of plasma components-* a resuK oi hjh p wei ^ (wet weig ht). Then, it was homog- 

f^jS SSSStS — « A. s,andard 

guinea pig serum albumin was used. 
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(Test Results) 

(1) Observation of cornea with a slit lamp 



The cornea of vehicle pel.et transplantation group 
group. The bFGF-containing pellet ^^^^<S^^S^tlon site from 4 days after trans- 
appearance of blood vessel in the neighborhood of ng p , let P ^ ^ ^ ^ Qf 
plantation. At 9 days posttransplantat.on. blood vessels were newly k m jnj „ et or , e upeptin- 
guinea pigs. The group which underwent ^transplan a .on of 27 mer a^nW groups. Compared to 
containing pellet together with bFGF-contam.ng pellet £^E^fa^on of blood vessels was found mainly 
KSffi ™s ^SS3=^^ a, shown in Fig, 1 and , 

(2) Wet weight of cornea 

vehicle pellet transplantation group, and no J* Seated group and vehiclapellet traneplantation 

•eight of cornea ol the control group l e ?^™a"pV.tlde.ooniaining pallet o, leupeptin-contain. 

- - -* * ~~ " eWa ' ed 

'° rSt-ltm, that 27 ma, calpastatm peptide and laupaptln suppressed increaae in we, weigh, 0, cor- 
nea caused by angiogenesis. 
(3) Amount of albumin in cornea 

The results are shown in Fig. 4. The amoun, of albumin of untreated .group was ve ry small ^^^^ 
or 56.1±13.5 (S.D.). This was because cornea is This was su P posedly_ 

-transplantationof^^ 

attributable to surgical st.mulat.on dunng Z e s greater than the vehicle pellet transplantation group. Th.s 

times greater than the untreated group, and about 8 im« greater man ^ ^ ^ component 

was because vascular permeability ^^"^SS^ pepTde- containing pellet and leupeptin-containing 

t^^^^^^^ ' " - 0< a * bUmin " C ° mea " 

^Z^ZL above that a cysteine protease inhibitor suppressed angiogenesis. ■ 

Ex perimen tal Example 2 

TneP^ao.^o.tn.oon^u^o.^io.™^ 

s,Tr.£'~ a? s^ s Snr=rra: r,su„s a,/^ * «*. . , 

^-rpipain-inhihitnrv activity 

' Theactivityof,-ca,pain^ 

[Anal. Biochem., 208. 387-392 (1993)]. Thus, to a « ^ 

U dithiothreitol. and 4 mM calcium chloride was added 2.5 M . a d.methy ^sul o ^ ^ ^ 

centration of the test drug as well as 0.03 unit of J 1 ™ iS rred t0 another vessel, to which 50 ul of 

o After 60 minutes of reaction at 30°C. 100 pi rf^^^K, ^re added The mixture was allowed to stand at 
purified water and 100 ul of 50% Coumassie br.ll.ant blue so^'O" we e a ^ djmethyl su|fox . 

°oom temperature for 15 minutes and the absorbance was mea ur ed a » »nm^ as above . The abS0 rbance 

3 ^i^—^^^^^ 



mined. 



35 



EP 0 771 565 A2 



w 



Measured va lue • blank value . x 100 
Inhibition rate (%) = (1 - Contro | value - blank value 



5 Acca y pj cathe r« s P 1 -inhihilnrv activity. 



M&soY a VjWliiajS 

[Methods in Enzymology. 80. 535-561. 1981]. Thus, 10 i asoMon <*^°J»^ d „ as acjded 50 „! o( 20 pM 

dhr«M. 1 mM EDTA. 2 pg oalhepsin L, and a varying cohcentral .on of lha lea P >( me 

oafcohanzoxy-L-phanylalanyPL-arg^ PhJ A S I « J ^ M as „ slop 

-ea^a^ 

rarras^r^hV^i 8 = sr?- -™ - «- - — - ,he 



is same manner as above 

_A^ nY of papnin- and trvosin-inhihitory activity 



25 



30 



The activity of papain which is a cysteine protease -^J*^ ^^^.SS^ 
in accordance with the method described in the ^^^^S'^m EDTA was added 2.5 „l of dimethyl 
taining 0.5 mg/m. casein. 50 mM Tris-HC, (pH I a£ ^^^TS^ £ of papain or trypsin to initiate the reac- 
sulfoxide containing a varying concenlmton ^^^^es^ reaction a t 30°C. 100 ,l of the reaction mndur. 
tion. The final liquid volume was adjusted Xo ^J^^f^J^ punf\ed water and 100 pi of 50% Coumass.e br.lliant 
was transferred to another vessel anc \^ n ^^^^ { ^ 1 5 minutes. The absorbance of the mixture was 
blue solution, the mixture was allowed to stand at ^ ™ 5 , 0 , dimethy | sulfoxide not containing the test 

SS as Sntrol ^Z^^^Z *£SL & » was determined in the same manner 
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Table 6 



10 



15 



20 



25 



30 
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40 
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50 



Calpain 50% inhibitory concentration (IC 50 ) 



I Test drug 



Compound 3 
Compound 1 1 
Compound 13 
Compound 1 4 
Compound 15 
Compound 16 
Compound 17 
Compound 18 
Compound 19 
Compound 20 
Compound 21 
Compound 22 
Compound 23 
Compound 24 
Compound 25 
Com pound 27 
Compound 28 
Compound 29 
Compound 30 
Compound 31 
Compound 33 



(M) 
4.7*10- 5 
2.9x10 -5 
8.1x10' 7 
7.8x10' 7 
1.1x10- 6 
6.4x10" 7 
3.5x10 
6.3x10 
4.9x10- 7 
1.2x10' 6 
9.5x10' 7 



Test drug 



•7 



♦7 



-5 



1.8x10 
5.1x10' 6 
8.4x10* 7 



-5 



4.1x10 
2.4x10' 3 



3.9x10* 6 

6.0x10' 7 

6.0x10" 

1.5x10* 4 

1.9x10* 6 



Compound 34 
Compound 35 
Compound 36 
Compound 37 
Compound 38 
Compound 39 
Compound 40 
Compound 41 
Compound 42 
Compound 43 
Compound 44 
Compound 45 
Compound 46 
Compound 47 
Compound 48 
Compound 49 



(M) 
1.0x10 -3 



,■9 



7,5x10 
3.1x10' 8 



•6 



2.8x10 
6.1x10 
4.2x1 0" 6 
2.6x10* 7 
1.3x10* 7 
3.2x10* 6 
2.7x10' 8 
1.4x10* 8 
1.4x10* 8 
1.8x10" 8 
2.0x10" 7 
1.3x10' 8 
2.3x10* 



8 



Compound 50 
Compound 51 
Compound 52 
Compound 53 
Compound 54 
Compound 55 
Compound 56 



3. 6x10"' 
1.1x10* 5 
3.0x10' 8 



-9 



8.3x10 
1.4x10' 8 
1.0x10' 4 
1.4x10' 6 





Table 7 


Test drug (Com- 


50% Inhibitory concentration (1C 50 ) 


pound No.) 










Cathepsin L (M) 


Papain (M) 


Trypsin (M) 


Compound 1 1 


1.2x10* a 


1.1x10'' 


>3.0x10"' 3 


Compound 13 


. 2.9x10 -8 


7,9x10" 8 


>3.0x10" 3 


Compound 16 


8.2x10* 8 


2.1x10* 7 


>3.0x10' 3 


Compound 1 7 


2.7x10* 8 


6.2x10* 8 


>3.0x10* 3 


Compound 22 


3.8x10* 5 


4.0x10' 6 


>3.0x10' 3 


Compound 24 


9.0x10* 9 


4.7x10 8 


>3.0x10' 3 



M is eviden. tarn .he above expe,, m .e,,. r ese„s, ,he cae.ee P™.eese HIM compdund .e de used in M 
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present invention showed no toxicity to human and animals. showing nQ acfiv . 

Having inhibitory activity against ^^^^^^^ there'ofare useful as prophylactic 

. ity against serine protease (trypsin) the «^luSSS2 leases, such as ischemic diseases, inflammatory 
or therapeutic agents for a vanety of cysteine ^J^^s^J^inrtw. Alzheimer's disease, subarachnoid 
diseases, muscular dystrophy, cataract, ^» d ^' r J^£J dog cat. bovine, swine, and human). 

.hemorrhage, and osteoporosis, in ^^^^^^^^^cn of blood vessels in the living tissues. 



\ tumors. 
Claims 

15 1 
2 



20 3. 



25 



M angiobedesis inhibitor comprising a e,s.eioe protease inhibitor, oompound. 

Th e agenesia inhibitor 0, Cain, , »he cysteine protease inhibitor, eo^ond is a oa,p,n inhibitor, 

compound. 

The angfcgeneeia inhib.or o, otaim 2. -herein the oatpain inhibitor, compound ,a a, ieaa, on. compound ,e,ected 
from calpastatin and calpastatin peptide. 

The angiogenesis inhibitor of Cairn 3. wherein " * " ^ 

pepetides having an amino acid sequence of the followmg formula. 

-Gly-A-Tyr-Arg- rsiu-Val-Thr-Leu-Pro-Pro-Lys-, -Glu-Asp-Asp-Glu- 



Leu-Ala. 



LCU-mw. 2 + 

'■-sr^^o^ 

. S. Theangiogenesiainhibitororctaim^ 

P :roS m ?,s^^ 

ide compound and isocoumarin compound. 
<s , The angiogenesie inhibit, o, Cairn 8. herein tha o,s,aina protease inhibitor, compound is an eP^aucCc pep- 
tide compound. 

,„. me agenesis inhibitor o, Cairn 9. herein the epox, S uccin,c peptide compound ia a compound o, ,he,«mu,a 
(1): 



50 



55 




(I) 



wherein 
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R i ■ is an optionally esterified carboxy or an optionally substituted carboxamide; 

substituted sulfide, or R 3 and R 4 combindly form a ring; 
r5 is a substituted phenyl of the formula (II) 

R 6 

K (ID 




wherein R 6 is halogen atom or alkoxy, or a substituted sulfonyl of the formula (III) 

S0 2 -R 7 ^ 

wherein R 7 is aryl optionally substituted by lower alkyl or optionally substituted amino; and 
n is 0 or 1 , 

or a salt thereof. 

11. The angiogenesis inhibitor of claim 10. wherein R 1 is an optionally esterified carboxy, or carboxamide optionally 
substituted by hydroxy or aralkyloxy. 

12. The angiogenesis inhibitor of claim 10, wherein R 2 is hydrogen or methyl. 

• • u u * m whprein R 2 and R 3 or R 2 and R 4 combinedly form a pyrrolidine ring. 

13. The angiogenesis inhibitor of claim 10, wherein n ana n , u. n 

^ u w^^laimT^^ 

15. The angiogenesis inhibitor of claim 10, wherein R 3 and R 4 combinedly form a cyclopentane ring. 

1 6. The angiogenesis inhibitor of claim 1 0. wherein R 6 of the formula (II) is chlorine or fluorine. 

17. The angiogenesis inhibitor of claim 10. wherein. R 7 of the formula (111) is phenyl or dimethylamino optionally substi- 
tuted by lower alkyl. 

18. The angiogenesis inhibitor of Cairn 8. wherein the cysteine protease inhibitory compound is a peptide aldehyde 
compound. 

19. The angiogenesis inhibitor of claim 18, wherein the peptide aldehyde compound is leupeptin. 

20. The angiogenesis inhibitor of claim 1 8, wherein the peptide aldehyde compound is a compound o, the formula (V.) : 



R' 2 vR 1 3 




». The angiogenesis inhiraiio, d daim 20. wherein R" is pheny, « naphihyi, both being opticnail, suhs,i.u,ed by flu- 
orine, chlorine or methyl. 
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, , ■ ,1 , , hof oin qii ic a member selected from 4-fluorcphenyl. 4-chlorophenyl, p- 
22. The angiogenesis inhibitor of claim 21 . wherein R is a memDer 

tolyl and 2-naphthyl. 

a. The angloganasis inh«.o, 0. Calm 20. wherain R« Is propyl, isopropyl « t-H»*t and R» * ***** 
5 24. The angioganasis inhibitor 0. claim 23. wharain R 12 is isopropyl and R<= is hydrogen. 

25. Tha angiogenesis inhibitor of claim 20. wherein R« and R» combined,, form cyclohexylidena. 
,0 26. The angioma inhibitor of Cairn 20. wheran R« is MA benzyl, cycloheyyimefhy, 0, indoL^mathyi. 

27. A compound of the formula (VI): 

. R 1 3 



15 




(VI) 



? s 1 Si a« a^ali, !33£S* . * «— * - «— « 3 5a » *~* 

" 2 8. The compound o, claim 27. wherein R< - Is phenyl or naphfh,, op,ona,ly subsf.ufed by fluorine, chlorine or mefl*. 
or a salt thereof, 

__ 29 .._Thecompy>uod.oTo^^^ 
so naphthyl, or a salt thereof. 

30. The compound o, Calm 27. wherein R- is propyl, isop.opy, or and R" fa Mrogan. or a sal, .hereof. 

3, . Tha compound of claim 30. wherein R« is isopropyl and R'» is hydrogan. or a sal. rharaof. 
" 32 Tha compound o, Calm 27. wherein R« and R» combinadly form cycfohexylldene. o, a as. fharaof. 

33 Tha confound o, claim 27. wherein R« is isobulyl. benzyt. ******** °- - • - — 1 
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JF I G. 



(A) 





bFGF-containing pellet 



F" I O. 1 C 13 > 
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K I O. 1 C C ) 




27 mer calpastatin peptide (0.1 ^ole) -containing pellet 
+ bFGF-containing pellet 
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FIG. 2 C -A. 5 




FIG. 2 C B > 




leupeptin (0.1 jimole) -containing pellet 
-j- bFGF-containing pellet 
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FIG. 3 



30 i 




statin peptide bFGF 
(/idioie) 
+ 

bFGF 
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F IG. 4 



800 i 




statin peptide m 
l/imole) 

+ • 
bFGF 
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